Objective: To examine the effects of naltrexone/bupropion (NB) combination therapy on weight and weight-related risk factors in overweight and obese participants. Design and Methods: CONTRAVE Obesity Research-II (COR-II) was a double-blind, placebo-controlled study of 1,496 obese (BMI 30-45 kg/m 2 ) or overweight (27-45 kg/m 2 with dyslipidemia and/or hypertension) participants randomized 2:1 to combined naltrexone sustained-release (SR) (32 mg/day) plus bupropion SR (360 mg/day) (NB32) or placebo for up to 56 weeks. The co-primary endpoints were percent weight change and proportion achieving !5% weight loss at week 28.
Introduction
As the prevalence of obesity increases among adults and children (1), obesity-related health complications are predicted to drive the first decrease in life expectancy in modern history (2) . Weight loss of 5-10% is associated with reduced metabolic and cardiovascular risk (3); however, many individuals are not able to achieve or maintain this weight loss with diet and exercise alone (3) (4) .
Targeting multiple pathways often enhances pharmacotherapeutic efficacy, such as in the treatment of hypertension and type 2 diabetes (5) (6) . Many CNS pathways influence weight (7) , making combination agents a promising pharmacotherapeutic approach for weight loss. The naltrexone/bupropion (NB) combination was developed based on preclinical evidence that NB has complementary actions in the CNS that reduce food intake (7) (8) (9) . Bupropion stimulates hypothalamic pro-opiomelanocortin (POMC) neurons, with downstream effects to reduce food intake and increase energy expenditure. Naltrexone blocks opioid receptor-mediated POMC auto-inhibition, augmenting POMC firing in a synergistic manner (9) . Given the known effects of naltrexone and bupropion on addiction (alcohol (10) and nicotine (11) , respectively), NB is hypothesized to induce weight loss through sustained modulation of CNS reward pathways.
Initial Phase 2 studies in obese adults indicated that combined naltrexone and bupropion resulted in greater weight loss than the additive effects of the individual components (12) . Here, we present the results of the Contrave V R (proposed commercial name for NB) Obesity Research-II (COR-II) trial, a Phase 3 study conducted to evaluate the efficacy and safety of an SR formulation of NB for up to 56 weeks in overweight and obese participants. COR-II is one of four Phase 3 trials evaluating the safety and efficacy of NB for the treatment of obesity (13) (14) .
Methods and Procedures Study design and participants
This was a Phase 3 randomized, parallel-arm, double-blind, placebocontrolled, 56-week study. Participants were 18-65 years with a BMI 30-45 kg/m 2 , or a BMI 27-45 kg/m 2 and controlled hypertension and/or dyslipidemia. The study was conducted at 36 US private or institutional practices between December 2007 and June 2009. Exclusion criteria included diabetes; significant vascular, hepatic, or renal disease; weight change of >4 kg within 3 months prior to randomization; history of seizures or serious psychiatric illness. Additional eligibility details are available in the Supporting Information Section 1.
All participants provided written informed consent, and the protocol was approved by an institutional review board for each institution. The study complied with Good Clinical Practice standards and the Declaration of Helsinki. (15) A data safety monitoring committee performed regular reviews of interim safety analyses.
Procedures and endpoints
Following screening, participants were randomized via a centrally administered interactive voice response system in a 2:1 ratio, stratified by study site, to receive a combined oral formulation of 32 mg/ day naltrexone SR þ 360 mg/day bupropion SR (NB32) or matching placebo, administered in divided doses, twice daily (Figure 1 ). Study drug was escalated weekly over the first 3-4 weeks; full dose was reached by the start of week 5. To evaluate the efficacy and safety of a dose increase in participants with suboptimal response, NB32 participants with <5% weight loss at visits between weeks 28 and 44 inclusive were re-randomized (double-blind, 1:1 ratio) to FIGURE 1 Following screening, participants were randomized via a centrally administered interactive voice response system in a 2:1 ratio, stratified by study site, to receive a combined oral formulation of 32 mg/day naltrexone SR þ 360 mg/day bupropion SR (NB32) or matching placebo, administered in divided doses twice daily. Naltrexone was initiated at one-eighth or one-quarter of the maintenance dose and bupropion was initiated at one-quarter of the maintenance dose; doses were escalated linearly over the first 3-4 weeks, and the maintenance dose was reached by the start of week 5. To evaluate the efficacy and safety of a dose increase in participants with suboptimal response, NB32 participants with <5% weight loss at visits between weeks 28 and 44 inclusive were re-randomized (double-blind, 1:1 ratio) to continue receiving NB32 or escalate to NB48 (48 mg/ day naltrexone SR þ 360 mg/day bupropion SR) for the remainder of the study. Study visits occurred at baseline (week 0) and every 4 weeks thereafter.
continue receiving NB32 or escalate to NB48 (48 mg/day naltrexone SR þ 360 mg/day bupropion SR) for the remainder of the study. Study visits occurred at baseline and every 4 weeks. At baseline, 12, 24, 36, and 48 weeks, participants received instructions to follow a hypocaloric diet (500 kcal/day deficit) and increase physical activity, and behavioral modification advice. Weight and vital signs were measured at each visit.
Efficacy questionnaires included the Impact of Weight on Quality of Life (IWQOL)-Lite (16) and the Control of Eating Questionnaire (COEQ). (17) The COEQ uses 100-mm visual analog scales to assess appetite, food craving, eating behavior, and mood over the 7 days prior to questionnaire administration.
The two co-primary efficacy endpoints were the percent change in weight and the proportion of participants with !5% weight loss at week 28, with secondary endpoint analyses of these measures at week 56. Additional secondary endpoints included the proportion of participants with !10% weight loss and changes in markers of cardiometabolic risk, participant-reported measures of food cravings and control of eating, and weight-related quality of life at week 28. Prespecified tertiary endpoints included the above measures at week 56. Exploratory analyses included percent change in weight from rerandomization and baseline to week 56 for participants re-randomized to NB32 or NB48.
Safety assessments included evaluation of treatment-emergent adverse events, vital signs, electrocardiograms, and clinical laboratory measures. Depressive symptoms were evaluated at each visit using the Inventory of Depressive Symptomatology-Self Rated (IDS-SR) (18) . In addition, 182 participants at nine study sites were enrolled in a substudy in which ambulatory blood pressure and heart rate were measured hourly over 24-hour periods at baseline, week 24, and week 52; 180 met criteria for inclusion into the substudy analysis set (121 NB and 59 placebo).
Statistical analyses
To obtain the targeted number of participant-exposures at one year, it was estimated that 1,000 participants would need to be randomized to NB32, with an assumed 40% attrition rate (12) , with a 99%, 81%, and 70% chance that !1 adverse event would be observed at a true frequency of 1/100, 1/250, and 1/500, respectively. It was estimated that 1,500 randomized participants (2:1 ratio) would provide 99% power to detect a statistically significant difference in mean percent weight loss of !5%, and a 14% difference in the proportion of participants with !5% weight loss between NB32 and placebo. Power estimates were determined using a two-sample t-test for mean percent weight loss and a two-sample continuity-corrected chi-square test for the proportion of participants with !5% weight loss using a two-sided significance level of 5%.
Unless otherwise specified, efficacy analyses were performed on a prespecified modified intent-to-treat (mITT) analysis population composed of all randomized participants with a baseline weight and !1 post-baseline weight on study drug (þ1 day post-last dose). Missing data were imputed by carrying forward the last observation on study drug (LOCF). In prespecified week 56 efficacy analyses of NB32, data for participants re-randomized to NB32 were doubleweighted and participants re-randomized to NB48 were excluded. The safety population included all randomized participants who took !1 tablet of study drug and had !1 investigator contact/assessment at any time after the start of study treatment. The ambulatory blood pressure monitoring substudy population included all participants who were randomized in the substudy, had a baseline measurement, received treatment, and had at least one investigator contact/assessment after the start of study treatment.
Four sensitivity analyses were conducted for the body weight endpoints: 1) BOCF: all randomized participants, where the baseline observation was carried forward for participants who discontinued study drug prior to weeks 28 or 56; 2) ITT-MMRM: participants with a post-baseline weight measurement (on or off study drug) and used a repeated measures linear mixed-effects model, with random participant effects and fixed class effects for treatment, time, study center, and treatment-by-time interaction, with baseline as a covariate; 3) mITT-LOCF unweighted: participants in the mITT population and grouped all NB32/48-treated participants together regardless of re-randomization status; and 4) completers: participants who completed 28 or 56 weeks of treatment.
General linear models (analysis of covariance [ANCOVA]) including terms for treatment and study center, with baseline values as a covariate, were used to analyze the co-primary and continuous secondary endpoints. Categorical endpoints were analyzed using a logistic regression model including treatment and study center as main effects and baseline value as covariate. To maintain the family-wise type I error rate at 5%, secondary endpoints were analyzed in a predetermined sequence only after both co-primary endpoints achieved statistical significance, beginning with the percentage of weight loss at week 56 and the proportion of participants with !5% weight loss at week 56, and continuing with the proportion of participants with !10% weight loss at week 28, and the change from baseline to week 28 in the following: waist circumference, high-density lipoprotein (HDL)-cholesterol, triglycerides, IWQOL-Lite total score, hsCRP, insulin, glucose, HOMA-IR (insulin resistance, derived from the homeostasis model assessment), COEQ control of eating question (#19), low-density lipoprotein (LDL)-cholesterol, systolic blood pressure, diastolic blood pressure, and IDS-SR total score. Formal testing was conducted in a step-down manner until any endpoint failed to reach P < 0.05, after which the nominal P-values are reported and findings are considered exploratory. To control for skewness, analyses for triglycerides, hsCRP, insulin, and HOMA-IR were log10 transformed prior to running the ANCOVA models. The percent change from baseline was calculated by back-transforming the LS geometric mean minus one. All statistical analyses were performed using Windows SAS version 9.1. Continuous endpoints are provided as LS mean 6 SE unless otherwise indicated.
Results
Of the 1,496 participants randomized to double-blind treatment, 54% of participants in each treatment group completed 56 weeks of treatment ( Figure 2 ). More NB-treated participants discontinued because of an adverse event (P < 0.001), whereas more placebotreated participants discontinued because of insufficient weight loss (P < 0.001) and withdrawal of consent (P < 0.05). Discontinuations in both groups occurred most frequently during the first 8 weeks of the study, with more discontinuations, particularly because of AEs, occurring with NB (Table 4) . Visit-wise discontinuation rates during the remainder of the study were generally similar between groups.
Demographics and baseline characteristics were similar between treatment groups (Table 1 ).
In the mITT-LOCF population, weight loss was significantly greater for NB32 versus placebo at week 28 (À6.5% vs. À1.9%; P < 0.001). Weight loss was maintained with continued double-blind treatment in the NB32 group through week 56 (À6.4% vs. À1.2; P < 0.001; Figure  3A ). NB32 was associated with a significantly larger proportion of participants achieving !5%, !10%, and !15% weight loss in the mITT-LOCF population versus placebo at weeks 28 and 56 ( Figure  3B ). Participants completing 56 weeks of treatment had more pronounced weight loss (À8.2% NB32 vs. À1.4% placebo; P < 0.001) and were more likely to achieve !5%, !10%, and !15% weight loss than the mITT-LOCF population (Figure 3 ). Using different imputation methods and populations, greater weight loss was consistently demonstrated with NB compared to placebo ( Table 2 ). The percent weight change from the time of re-randomization to week 56 (mITT-LOCF) for suboptimal responders re-randomized to NB32 (n ¼ 124) versus NB48 (n ¼ 120) was similar (þ1.0% vs. þ0.6%; P ¼ 0.35), as was the percent weight change from study baseline to week 56 (mITT-LOCF; À1.3% vs. À1.1%; P ¼ 0.77).
NB32 resulted in improvements in various cardiometabolic parameters, including waist circumference, triglycerides, and HDL versus placebo at week 28 (Table 3) . NB32 was also associated with reduced LDL, as well as reduced fasting insulin and HOMA-IR. In most cases, improvements in secondary endpoints were maintained at week 56. At week 28, NB32 was associated with improvement in total IWQOL-Lite score versus placebo (P < 0.001) and greater improvements for NB32 versus placebo were observed in the physical function, self-esteem, and sexual life subscales (P < 0.01; Supporting Information Section 2). Greater improvements in IWQOL-Lite total score and subscale scores were maintained through week 56.
Exploratory analyses of the COEQ revealed an association between NB32 and improved control of eating and reduced food craving, as well as other items. Generally, the greatest reductions in COEQ items occurred early in trial. However, greater improvements (P < 0.05) were observed at all time points for NB32 versus placebo in COEQ items 9, 11, and 19 indicating reduced frequency of food cravings as well as reduced difficulty in resisting food cravings and controlling eating (Supporting Information Section 3).
Mean systolic and diastolic blood pressure tended to remain within approximately 1 mm Hg of baseline values in both placebo-and NB-treated subjects throughout the study; mean blood pressure was slightly lower with placebo ( Table 4 [safety population]). Pulse rate was unchanged with placebo and a small, approximately 1 bpm increase was observed with NB. NB32 and placebo arms demonstrated similar categorical changes in blood pressure and pulse rate (Supporting Information Section 4), although NB32 was generally associated with a numerically greater proportion of outliers. The relationship of greater blood pressure reduction with greater weight loss was evident for both treatment groups (Supporting Information Section 5).
In a substudy, 24-hour systolic and diastolic blood pressure and heart rate patterns were similar between NB and placebo-treated participants at baseline, week 24, and week 52. The normal circadian variation of blood pressure, including a nocturnal decrease, was maintained in both treatment groups (data not shown).
NB was associated with a greater incidence of adverse events than placebo and more participants in the NB group discontinued treatment because of an adverse event (Table 4) , particularly early in the trial. The most frequent treatment-emergent adverse events were nausea, headache, and constipation. These events were mostly mild to moderate and did not result in discontinuation in most participants who experienced them. Most nausea events occurred during the dose escalation period and were transient. IDS-SR total scores were in the nondepressed range at baseline and remained so throughout the study. There were no differences between NB and placebo at endpoint on IDS-SR total score or key items measuring sadness, irritability, anxiety/tension, and suicidality. There was one event of passive suicidal ideation in an NB32-treated participant; symptoms resolved following study drug discontinuation. NB was not associated with increased incidence of treatment-emergent symptoms of depression or other mood-related adverse events.
The proportion of participants who experienced a serious adverse event was similar for NB (2.1%) and placebo (1.4%). There was one myocardial infarction in an NB-treated participant with active coronary artery disease, angina pectoris, hyperlipidemia, and hypertension. One seizure was reported for an NB-treated participant with no history of seizures. There were no clinically significant effects of NB on laboratory measures or ECG.
Discussion
This study demonstrates that NB32 is associated with significantly greater weight loss and greater improvement in some measures of cardiometabolic risk than placebo. Greater weight loss was observed with NB32 versus placebo at the first time point (week 4) and was sustained over the 56-week trial. A greater proportion of NB32-treated participants achieved !5%, !10%, and !15% weight loss versus placebo. Similar results were observed with several sensitivity analyses, demonstrating the robustness of these results. Individuals who did not attain or maintain !5% weight loss with NB32 did not appear to benefit from an increased naltrexone dose. NB32 treatment was also associated with improvements in many cardiometabolic parameters, including waist circumference, lipids, insulin, and insulin sensitivity.
Adverse events with NB appear consistent with the known profiles of naltrexone and bupropion, which individually have over 25 years of clinical and safety data, often in obese patients for bupropion (19) . The most common adverse events with NB were nausea, constipation, and headache; these were generally mild or moderate and did not result in discontinuation in most participants. The seizure rate with NB in this trial (0.1%) is consistent with what has been previously described with bupropion (0.1% with doses up to 300 mg) (11) . Consistent with the known pharmacology of bupropion (11), there was minimal change in blood pressure from baseline and a 1 bpm increase in pulse rate with NB. Importantly, the normal diurnal variation was maintained; nocturnal lowering in blood pressure is considered an important predictor of cardiovascular outcomes (20) (21) . Weight loss was correlated with reduced blood pressure in both groups, indicating that reductions can be expected for individuals experiencing meaningful weight loss with NB. NB was not For mITT-LOCF Week 56 analysis, 124 participants re-randomized to NB32 were double-weighted. For ITT-MMRM and BOCF week 56 analyses, 128 participants rerandomized to NB32 were double-weighted. For Completers week 56 analysis, 107 participants re-randomized to NB32 were double-weighted. d The unweighted sensitivity analysis pooled all NB participants together for change from baseline to week 56 endpoint analyses regardless of re-randomization status.
e Co-primary endpoints.
f Endpoints that were significant according to the prespecified sequential closed testing procedure conducted to control for multiple comparisons. Obesity Naltrexone SR/Bupropion SR COR-II Trial Apovian et al. associated with increased depression, depressed mood, or suicidality in this patient population (which excluded patients with current or recent major depressive disorder or suicidality).
Dysregulation of CNS reward pathways, in a manner similar to what is observed with addictive disorders, may contribute to the pathophysiology of obesity (22) . Individually, bupropion and naltrexone are used to treat nicotine dependence (bupropion) and alcohol and opioid dependence (naltrexone). The effects of bupropion and naltrexone in treating addictive disorders may partly explain the increased ability of participants to control eating and avoid responding to food cravings in this study, as well as a previous study of NB32 (13) . It is possible that these effects of naltrexone/bupropion on food cravings, which are a common barrier to adherence to a hypocaloric diet and may contribute to the failure of lifestyle modification in some individuals (23) , facilitated adherence to the prescribed mild hypocaloric diet in this study.
Limitations of this study include a population composed mainly of middle-aged white females and a completion rate of 54% across all treatment groups. These are common in Phase 3 obesity trials (24) (25) . However, the high proportion of women in this trial represents the population most likely to receive weight loss pharmacotherapy (26) . Although most metabolic parameters were normal at baseline and participants with diabetes were excluded, treatment effects favoring NB were observed in these parameters. Early study discontinuations may have influenced results in the mITT-LOCF population; however, sensitivity analyses were strongly supportive. Although the primary efficacy analyses were conducted at week 28, comparable findings at week 56 support the efficacy of NB32 over one year. Lastly, assessing the impact of NB on major cardiovascular events when the background rate is low, as evidenced by the single event in this trial, is challenging. A large, randomized, placebocontrolled trial evaluating major cardiovascular events with NB therapy is ongoing (Light Study, clinicaltrials.gov Identifier NCT01601704).
Overall, NB32 was generally well tolerated and produced clinically meaningful weight loss with corresponding improvements in some markers of cardiometabolic risk, weight-related quality of life, and control of eating, without evidence of negative effects on depression or suicidality. The addition of combination pharmacotherapies like NB to diet and lifestyle modification facilitate clinically meaningful weight loss, which may favorably impact obesity-associated comorbid conditions. This study suggests that NB32 has the potential to become a useful agent in the treatment of obesity and related health conditions. Safety analysis set. NB group includes all participants in the safety analysis set randomized to NB32 at baseline, regardless of re-randomization status. Adverse events with incidence >5% in any treatment group are reported; Psychiatric adverse events with incidence >1% in any treatment group are reported; Adverse events leading to discontinuation with incidence >1% in any treatment group are reported; For vital signs, baseline values are mean 6 SD, change values are LS mean 6 SE (LOCF); *P < 0.05 for NB vs. Placebo comparison.
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